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(54) Method and manufacturing a laminated ring 

(57) A cylindrical drum (2) is prepared by welding 
opposite ends of a thin sheet (1) of managing steel. A 
first solution treatment is effected on the cylindrical 
drum (2), and then the cylindrical drum (2) is severed 
into a plurality of rings (4) each having a predetermined 
width. After the rings (4) are rolled, a second solution 
treatment is effected on the rings (4) which have been 



rolled, and then the circumferential length of each of the 
rings (4) is corrected. The rings (4) are aged and 
nitrided, and then stacked into a laminated ring. The first 
solution treatment and the second solution treatment 
are effected using the same heating furnace in the 
same atmosphere in the same temperature range. 
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Description 

[0001] The present invention relates to a method of 
manufacturing a laminated ring for use in a continuously 
variable transmission or the like. 5 
[0002] Heretofore, laminated rings for use in contin- 
uously variable transmissions or the like have been 
manufactured as follows: The ends of a thin sheet of 
managing steel which is an ultra-high strength steel are 
welded to each other, producing a cylindrical drum, w 
which is subjected to a first solution treatment. Then, 
the drum is cut into a ring having a predetermined width. 
After the ring is rolled, it is subjected to a second solu- 
tion treatment. The ring is corrected to a predetermined 
circumferential length, and then aged and nitrided. A 15 
plurality of rings thus treated are laminated into a lami- 
nated ring. 

[0003] The first solution treatment is effected on the 
welded drum in order to uniformize the hardness that 
has been locally increased due to the heat applied when 20 
the thin sheet of managing steel was welded. The first 
solution treatment allows the ring cut from the drum to 
be rolled with ease. Generally, the solution treatment is 
carried out by heating the managing steel to a tempera- 
ture equal to or higher than the recrystallization temper- 25 
ature of the maraging steel. The managing steel 
contains aging precipitation strengthening elements of 
Ti, Al, Mo, etc. If these elements, particularly Ti, are oxi- 
dized, then a desired hardness may not be achieved by 
the subsequent aging process. In order to avoid oxidiza- 30 
tion of the aging precipitation strengthening elements, 
the solution treatment is performed in a vacuum fur- 
nace. 

[0004] The rolled ring has a rolled structure in which 
metal crystals are crushed by the rolling process. If the 35 
rolled structure remained unchanged, then nitrogen 
would not easily penetrate the ring in the subsequent 
nitriding process, and the ring would not uniformly be 
nitrided. The second solution treatment is effected on 
the rolled ring in order to recover the original metal crys- 40 
tal grains prior to being deformed for facilitating the 
nitriding process. 

[0005] The second solution treatment is generally 
carried out by heating the maraging steel to a tempera- 
ture equal to or higher than the ^crystallization temper- 45 
ature of the maraging steel, and the aging precipitation 
strengthening elements should not be oxidized in the 
second solution treatment. Since the vacuum furnace is 
expensive, the second solution treatment is performed 
in a heating furnace which contains a reducing atmos- 50 
phere. The reducing atmosphere comprises, for exam- 
ple, a nitrogen atmosphere containing 1 to 10 % of 
hydrogen. While the nitrogen atmosphere contains a 
small amount of oxygen, the oxygen is removed from 
the system by reacting with the hydrogen. Therefore, 55 
the concentration of oxygen in the nitrogen atmosphere 
is low enough to suppress oxidization of the aging pre- 
cipitation strengthening elements. According to the 



above manufacturing process, since the second solu- 
tion treatment is performed in the reducing atmosphere 
using the heating furnace, the number of vacuum fur- 
naces that are used is reduced for cutting down on the 
cost of the vacuum furnaces. 

[0006] However, an increase in the cost incurred in 
manufacturing the laminated ring is unavoidable 
because of different furnaces used in the first and sec- 
ond solution treatments. 

[0007] The circumferential length of the ring which 
has been subjected to the second solution treatment is 
corrected as shown in FIG. 8 of the accompanying 
drawings. In FIG. 8, a ring 4 is trained under tension 
around a drive roller 21 and a driven roller 22. While the 
ring 4 is being rotated by the drive roller 21, a correction 
roller 23 disposed between the drive roller 21 and the 
driven roller 22 is moved in the direction indicated by the 
arrow. As a result, the ring 4 is loaded by the correction 
roller 23 in a direction perpendicular to the direction of 
travel between the drive roller 21 and the driven roller 
22, and elongated to a predetermined length. In orderto 
correct the circumferential length of the ring 4 appropri- 
ately, the ring 4 should preferably have an annular 
shape which is as close to a true circle as possible. 
[0008] However, depending on the conditions of the 
second solution-treatment, the ring 4 may suffer a ther- 
mal strain in the second solution treatment, and may be 
shaped to a complex irregular form, e.g., a substantially 
criss-cross shape as viewed in plan as shown in FIG. 
1 0(a) of the accompanying drawings, or an extremely 
slender elliptical form as viewed in plan as shown in 
FIG. 10(b) of the accompanying drawings. If the ring 4 
after the second solution treatment is of a shape as 
shown in FIG. 10(a) or 10(b), then when the ring 4 is 
trained around the drive roller 21 and the driven roller 22 
for correcting the circumferential length thereof, the ring 
4 may have portions that will not be brought into full con- 
tact with the rollers 21, 22. If the ring 4 thus shaped is 
corrected for its circumferential length, then the ring 4 
may develop thickness irregularities as ring portions 
held in contact with the rollers 21, 22 and ring portions 
held out of contact with the rollers 21 , 22 tend to have 
different thicknesses, and the ring 4 may have different 
circumferential lengths at opposite edges thereof. 
[0009] According to the present invention, there is 
provided a method of manufacturing a laminated ring, 
comprising the steps of preparing a cylindrical drum by 
welding opposite ends of a thin sheet of maraging steel, 
effecting a first solution treatment on the cylindrical 
drum, thereafter, severing the cylindrical drum into a 
plurality of rings each having a predetermined width, 
rolling the rings, effecting a second solution treatment 
on the rings which have been rolled, thereafter, correct- 
ing the circumferential length of each of the rings, there- 
after, aging and nitriding the rings, and stacking the 
aged and nitrided rings into a laminated ring, the 
arrangement being such that the first solution treatment 
and the second solution treatment being effected using 



2 



X^ID: <EP 1 094121 A2J_> 



3 



EP 1 094 121 A2 



4 



* the same heating furnace in the same atmosphere in 
the same temperature range. 

[0010] By employing a preferred method in accord- 
ance with the present invention, a laminated ring can be 
manufactured at a reduced cost by suppressing a ther- 
mal strain caused in a solution treatment after the ring 
has been rolled, thereby to correct the circumferential 
length of the ring appropriately with ease. 
[0011] The invention arises from the study by the 
inventors of conditions for a solution treatment to be 
effected on a welded cylindrical drum and a solution 
treatment to be effected on rolled rings. As a result of 
this study, the inventors have found that if the conven- 
tional conditions for the solution treatment to be effected 
on rolled rings are made stricter, then such stricter con- 
ditions also applicable to the solution treatment to be 
effected on the welded cylindrical drum, and has com- 
pleted the present invention based on the finding. 
[0012] By employing a method in accordance with 
the present invention, the laminated ring can be manu- 
factured at a reduced cost because there is no need for 
separate furnaces to be used respectively for the first 
solution treatment and the second solution treatment. 
[0013] Specifically, the stricter conditions for the 
second solution treatment to be effected on the rolled 
rings include limiting the range of dew points of a nitro- 
gen atmosphere. The inventors have analyzed the rela- 
tionship between the dew point of a nitrogen 
atmosphere used for the second solution treatment and 
the oxidization of aging precipitation strengthening ele- 
ments in the first solution treatment. As a result, the 
inventors have found that when the dew point of the 
nitrogen atmosphere is in the range from - 7 to 0°C, the 
aging precipitation strengthening elements, particularly, 
Ti, are less oxidizable. The inventors have also found 
that if the dew point of the nitrogen atmosphere is lower 
than - 7°C, then Ti is selectively oxidized, and if the dew 
point of the nitrogen atmosphere is lower than - 40°C, 
then oxidization of Ti is suppressed again. 
[0014] In a preferred method according to the 
present invention, the first solution treatment and the 
second solution treatment are effected in a temperature 
range from the recrystallization temperature of the 
maraging steel to 850°C in either a nitrogen atmosphere 
that contains 1 - 10 % of hydrogen and has a dew point 
ranging from - 7 to 0°C, or a nitrogen atmosphere that 
contains 1 - 30 % of hydrogen and has a dew point rang- 
ing from - 70 to - 40°C. 

[0015] The nitrogen atmosphere contains a trace of 
oxygen and also contains hydrogen in the above range. 
Therefore, the oxygen is removed by being combined 
with the hydrogen, so that the concentration of oxygen 
in the nitrogen atmosphere is lowered. 
[0016] If the dew point of the nitrogen atmosphere 
were higher than 0°C in the first solution treatment, then 
the concentration of oxygen in the nitrogen atmosphere 
would be high, making it difficult to suppress the oxidi- 
zation of Fe, which is the base material of the maraging 



steel, and also the oxidization of the aging precipitation 
strengthening elements of Ti, Al, Mo, etc. 
[0017] If the dew point of the nitrogen atmosphere 
is in the range from - 7 to 0°C, then the concentration of 

5 oxygen in the nitrogen atmosphere is lowered to such a 
level that Ti, Fe, and other aging precipitation strength- 
ening elements of Mo, etc. are competitively oxidized. In 
this level of oxygen concentration, since a large amount 
of Fe existing as the base material is mainly oxidized, 

10 the oxidization of Ti is relatively suppressed. 

[0018] If the dew point of the nitrogen atmosphere 
were in the range from - 7 to - 40°C, then the concentra- 
tion of oxygen in the nitrogen atmosphere would be fur- 
ther lowered. Since Fe and Mo are reduced in this 

15 range, only Ti would selectively be oxidized. 

[0019] If the dew point of the nitrogen atmosphere 
is in the range from - 70 to - 40°C, then the concentra- 
tion of oxygen in the nitrogen atmosphere is highly low- 
ered, making it possible to suppress the oxidization of Ti 

20 again. The nitrogen atmosphere is normally produced 
by evaporating liquid nitrogen. Since the dew point of 
the nitrogen atmosphere immediately after the evapora- 
tion of liquid nitrogen is - 70°C, it is not practical to make 
the dew point lower than - 70°C. 

25 [0020] The nitrogen atmosphere is identical to the 
reducing atmosphere used in the second solution treat- 
ment in the conventional method of manufacturing a 
laminated ring, except that the conditions for the dew 
point are stricter. Therefore, no problem arises from 

30 using the nitrogen atmosphere for the second solution 
treatment. 

[0021] Therefore, both the first solution treatment 
and the second solution treatment can be performed 
using the heating furnace under the same conditions. 

35 [0022] If the nitrogen atmosphere contained less 
than 1 % of hydrogen, then the trace of oxygen con- 
tained therein would not be removed sufficiently effec- 
tively. Furthermore, inasmuch as hydrogen is more 
expensive than nitrogen, if the amount of hydrogen 

40 exceeded 10 % of the nitrogen atmosphere when the 
dew point is in the range from - 7 to 0°C, or if the amount 
of hydrogen exceeded 30 % of the nitrogen atmosphere 
when the dew point is in the range from - 70 to - 40°C, 
then the cost at which the laminated ring is manufac- 

45 tured would be increased. 

[0023] If the temperature of the solution treatment 
were lower than the recrystallization temperature of the 
maraging steel, then the solution treatment itself would 
be difficult to perform, and if the temperature of the solu- 

50 tion treatment exceeded 850°C, then since recrystal- 
lized metal grains would become coarse, the notch 
toughness of the laminated ring would be lowered. 
[0024] The dew point in the range from - 70 to - 
40°C is preferable to the dew point in the range from - 7 

55 to 0°C because it provides a wider dew point range for 
easy process control. 

[0025] In a preferred method according to the 
present invention, the second solution treatment is 
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effected on the rings such that the rings after the second 
solution treatment in the atmosphere in the temperature 
range are of an annular shape. 

[0026] Since the rings after the second solution 
treatment are of an annular shape, when each of the 
rings is trained around a drive roller and a driven roller 
for correcting its circumferential length, the ring can con- 
tinuously be held in contact with the rollers. As a result, 
the rings are prevented from becoming irregular in wall 
thickness and also from having different circumferential 
lengths at opposite edges thereof, and the circumferen- 
tial length of the rings can appropriately be corrected 
with ease. 

[0027] If the temperature of the second solution 
treatment were lower than the recrystallization tempera- 
ture of the maraging steel, then the solution treatment 
itself would be difficult to perform, and the rings would 
be deformed due to a thermal strain and shaped to a 
complex irregular form, e.g., a substantially criss-cross 
shape as shown in FIG. 10(a). If the temperature of the 
second solution treatment exceeded 850°C, then the 
tensile strength of the rings would be lowered because 
the recrystallized metal crystal grains would be made 
coarse. 

[0028] If the rings as suspended from a hook were 
heated to a temperature equal to or higher than the 
recrystallization temperature of the maraging steel, then 
the rings would be prevented from having the substan- 
tially criss-cross shape as shown in FIG. 10(a), but 
would possibly be shaped to an extremely slender ellip- 
tical form as viewed in plan as shown in FIG. 10(b). The 
rings would be shaped to an extremely slender elliptical 
form because they would suffer creep due to gravity 
depending on conditions for the solution treatment 
when heated while being suspended from the hook. 
[0029] The second solution treatment is effected on 
the rings by placing a peripheral edge of each of the 
rings on a floor of the heating surface. With the periph- 
eral edge of each ring being placed on the floor of the 
heating furnace, the ring is prevented from suffering 
creep due to gravity, but is easily be shaped to an annu- 
lar form. 

[0030] With the rings being placed directly on the 
floor of the heating furnace, the portions of the rings 
held against the floor of the heating furnace and the 
other portions of the rings tend to be heated differently 
For uniform heating of the rings, the second solution 
treatment is preferably effected on the rings by placing 
the peripheral edge of each of the rings on a metal 
mesh mounted on the floor of the heating surface. 
[0031] The heating surface comprises a loading 
zone for replacing the atmosphere with the nitrogen 
atmosphere and introducing the welded cylindrical 
drum or the rolled rings into the nitrogen atmosphere, a 
first zone for heating the cylindrical drum or the rings to 
the temperature range, a second zone for maintaining 
the cylindrical drum or the rings in the temperature 
range for a predetermined period of time, a third zone 



for cooling the cylindrical drum or the rings, and an 
unloading zone for replacing the nitrogen atmosphere 
with the atmosphere and unloading the cylindrical drum 
or the rings, the arrangement being such that the first 

5 solution treatment and the second solution treatment 
are effected by continuously supplying the cylindrical 
drum or the rings into the loading zone, delivering the 
cylindrical drum or the rings successively through the 
first zone, the second zone, and the third zone, and 

10 unloading the cylindrical drum or the rings from the 
unloading zone. 

[0032] In the heating furnace thus constructed, the 
loading and unloading zones reliably isolate the atmos- 
phere in the heating furnace from the external atmos- 

75 phere, so that the atmosphere in the heating furnace is 
prevented from being disturbed when the drum or the 
rings are loaded into and unloaded from the heating fur- 
nace. Furthermore, since the welded drum or the rolled 
rings are continuously supplied to the heating furnace, 

20 and subjected to the solution treatment while being 
delivered successively through the first zone, the sec- 
ond zone, and the third zone, the solution treatment can 
continuously be effected on the drum or the rings. 
[0033] The first solution treatment and the second 

25 solution treatment may be effected either separately for 
respective different periods of time or simultaneously for 
the same period of time. 

[0034] The second solution treatment takes more 
time than the first solution treatment in order to recover 

30 the original metal crystal grains of the rings prior to 
being rolled. Therefore, if the first solution treatment and 
the second solution treatment are effected simultane- 
ously for the same period of time, the period of time 
should preferably be equalized to the period of time 

35 required to effect the second solution treatment on the 
rings. 

[0035] The rings that have been subjected to the 
second solution treatment are corrected for their cir- 
cumferential length and then aged and nitrided. Since 

40 the oxidization of the aging precipitation strengthening 
elements of Ti, etc. is suppressed, the rings can be 
aged uniformly. Furthermore, inasmuch as the original 
metal crystal grains of the rings prior to being rolled are 
recovered in the second solution treatment, nitrogen 

45 can easily penetrate the rings, and hence the rings can 
easily be nitrided. 

[0036] The above and other objects, features, and 
advantages of the present invention will become appar- 
ent from the following description when taken in con- 
so junction with the accompanying drawings which 
illustrate a preferred embodiment of the present inven- 
tion by way of example. 

FIG. 1 is a block diagram illustrative of a method of 
55 manufacturing a laminated ring according to the 
present invention; 

FIG. 2 is a view schematically showing various 
steps of the method illustrated in FIG. 1 ; 
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FIG. 3 is a graph showing hardnesses of a welded 
drum before and after a first solution treatment in 
the method according to the present invention; 
FIG. 4 is a graph showing the relationship between 
the solution treatment temperature of a rolled ring 5 
and the tensile strength of the ring; 
FIG. 5 is a diagram showing the relationship 
between the arrangement of a continuous solution 
treatment furnace used in a second solution treat- 
ment in the method according to the present inven- w 
tion and the temperatures in chambers of the 
continuous solution treatment furnace; 
FIG. 6 is a cross-sectional view showing the place- 
ment of a ring in a heating furnace; 
FIG. 7 is a graph showing the hardnesses of the 15 
welded drum and the rolled ring after they have 
been subjected to a solution treatment in the 
method according to the present invention; 
FIG. 8 is a view showing a process of correcting the 
circumferential surface of a ring; 20 
FIGS. 9(a) and 9(b) are views showing the shape of 
a ring after it has been subjected to a second solu- 
tion treatment in the method according to the 
present invention; 

FIGS. 10(a) and 10(b) are views showing the 25 
shapes of rings after they have been subjected to a 
second solution treatment in a conventional method 
of manufacturing a laminated ring. 

[0037] In a method of manufacturing a laminated 30 
ring according to the present invention, as shown in 
FIGS. 1 and 2, a thin sheet 1 of managing steel is bent 
into a loop, whose opposite ends are welded to each 
other to produce a cylindrical drum 2. The maraging 
steel is a low-carbon steel containing 0.03 % or less of 35 
C, 0.10 %5 or less of Si, 0.10 % or less of Mn, 0.01 % or 
less of R and 0.01 % or less of S, for example, or a 18Ni 
steel containing 18 - 19 % of Ni, 4.7 - 5.2 % of Mo, 0.05 
- 0.15 % of Al, 0.50 - 0.70 % of Ti, and 8.5 - 9.5 % of Co. 
When the maraging steel of the above composition is 40 
welded as described above, it exhibits aged hardness 
due to the heat applied when the thin sheet 1 of marag- 
ing steel was welded. Therefore, the cylindrical drum 2 
has regions, each about 1 mm wide, of increased hard- 
ness on opposite sides of a welded seam 2a thereof. 45 
[0038] The drum 2 is placed in a heating furnace 3 
which contains a reducing atmosphere therein, and 
subjected to a first solution treatment in a temperature 
range from the recrystallization temperature of the 
maraging steel to 850°C. The reducing atmosphere so 
comprises a nitrogen atmosphere that contains 1 - 10 % 
of hydrogen, e.g., 4 % of hydrogen, and has a dew point 
ranging from - 7 to 0°C, or a nitrogen atmosphere that 
contains 1 -30 % of hydrogen and has a dew point rang- 
ing from - 70 to - 40°C. When the drum 2 is placed in the 55 
heating furnace 3 and subjected to the first solution 
treatment under the above conditions, the regions of 
increased hardness are eliminated from the drum 2, 
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and the overall hardness of the drum 2 is made uniform, 
as shown in FIG. 3. FIG. 3 shows data of the drum 2 
which was subjected to the first solution treatment in a 
nitrogen atmosphere containing 4 % of hydrogen and 
having a dew point ranging from - 7 to 0°C. 
[0039] In the heating furnace 3, the nitrogen atmos- 
phere contains a trace of oxygen, but the concentration 
of oxygen is reduced when it is combined with hydro- 
gen. As a result, three aging precipitation strengthening 
elements of Ti, Al, Mo, among the elements that make 
up the maraging steel, are prevented from being oxi- 
dized, making it possible to achieve uniform aged hard- 
ness in a subsequent aging process. 
[0040] The surface of the drum 2 after the first solu- 
tion treatment was analyzed by an electron probe X-ray 
microanalysis (EPMA). Since Ti, Al, etc. are P-type ele- 
ments, they tend to spread outwardly in the metal struc- 
ture, and are liable to be easily oxidized on the metal 
surface. According to the EPMA, regions where the Ti 
concentration is high become reddish, and regions 
where the Ti concentration is low become yellowish. 
[0041] The result of the EPMA confirmed that red- 
dish regions of the drum 2 which was treated under the 
above conditions in the nitrogen atmosphere containing 
4 % of hydrogen and having a dew point ranging from - 
7 to 0°C were discrete, and Ti was oxidized to the same 
extent as a drum subjected to a solution treatment in a 
conventional vacuum furnace of 10~ 3 Pa. 
[0042] It was also confirmed that the drum 2 treated 
under the above conditions in the nitrogen atmosphere 
containing 1 - 30 % of hydrogen and having a dew point 
ranging from - 70 to - 40°C had yellowish regions in the 
surface layer where Ti was not oxidized, indicating that 
oxidization of Ti was suppressed to the same extent as 
the drum subjected to a solution treatment in the con- 
ventional vacuum furnace of 10" 3 Pa. 
[0043] It was also confirmed that the drum 2 treated 
under the above conditions in the nitrogen atmosphere 
containing 1-30 % of hydrogen and having a dew point 
of - 30°C outside of the range according to the present 
invention had reddish regions near the surface layer 
where the concentration of Ti was high, resulting in the 
assumption that Ti was oxidized. 

[0044] If the dew point of the nitrogen atmosphere 
in the heating furnace is outside of the range according 
to the present invention, then Ti contained in the marag- 
ing steel is oxidized in the first solution treatment, 
clearly showing that it is difficult to carry out the first 
solution treatment in the same heating furnace 3 as the 
second solution treatment 

[0045] After the first solution treatment, as shown in 
FIGS. 1 and 2, the drum 2 is removed from the heating 
furnace 3, and severed into a plurality of rings 4 each 
having a predetermined width. Since the overall hard- 
ness of the drum 2 has been un'rformized in the first 
solution treatment, it can easily be cut into rings 4 which 
will easily be rolled. Thereafter, the rings 4 are rolled by 
a roiling reduction ranging from 40 to 50 %, so that they 
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have a predetermined circumferential length. 
[0046] The rolled rings 4 have a rolled structure in 
which metal crystals are crushed by the rolling process. 
If the rolled structure remained unchanged, then nitro- 
gen would not easily penetrate the metal structure of the 
rings 4. According to the present embodiment, the rings 
4 are placed back into the heating furnace 3, and are 
subjected to a second solution treatment in the same 
temperature range and the same reducing atmosphere 
as the first solution treatment, i.e., in a temperature 
range from the recrystallization temperature of the 
managing steel to 850°C in a reducing atmosphere, i.e., 
a nitrogen atmosphere, which comprises a nitrogen 
atmosphere that contains 1 - 10 % of hydrogen, e.g., 4 
% of hydrogen, and has a dew point ranging from - 7 to 
0°C, or a nitrogen atmosphere that contains 1 - 30 % of 
hydrogen and has a dew point ranging from - 70 to - 
40°C. The second solution treatment is carried out 
under the above conditions in order for the rings 4 to 
recover the original metal crystal grains prior to being 
rolled and also to take an annular shape after the solu- 
tion treatment. 

[0047] The recrystallization temperature of the 
maraging steel differs depending on the composition of 
the maraging steel. For example, the recrystallization 
temperature of the 1 8Ni-maraging steel is about 760°C. 
The tensile strength of the rings 4 of the 1 8Ni-maraging 
steel, which have been subjected to the solution treat- 
ment in the nitrogen atmosphere containing 4 % of 
hydrogen and having a dew point ranging from - 7 to 
0°C, is constant when heated in a temperature range 
from 760 to 850°C, as shown in FIG. 4, clearly showing 
that the rings 4 are recrystallized in such a temperature 
range. When the rings 4 are heated at a temperature 
lower than 760°C, their tensile strength is greater than 
when heated in the temperature range from 760 to 
850°C, indicating that recrystallization of the metal 
structure cannot easily be performed. When the rings 4 
are heated at a temperature higher than 850°C, their 
tensile strength is smaller than when heated in the tem- 
perature range from 760 to 850°C, indicating that the 
metal structure is excessively recrystallized, generating 
coarse crystals. 

[0048] The processes shown in FIGS. 1 and 2 are 
successively carried out. When the rings 4 are sub- 
jected to the second solution treatment, another thin 
sheet 1 of maraging steel has been welded into a next 
cylindrical drum 2. In this embodiment, the first solution 
treatment and the second solution treatment are carried 
out using the same heating furnace in the same atmos- 
phere and the same temperature range. Therefore, the 
rings 4 can be subjected to the second solution treat- 
ment at the same time the next drum 2 is subjected to 
the first solution treatment. 

[0049] In the present embodiment, a heating fur- 
nace 3 shown in FIG. 5 is used to effect the first solution 
treatment and the second solution treatment. As shown 
in FIG. 5, the heating furnace 3 comprises a succession 



of six chambers, i.e., a vacuum loading chamber 11, a 
first heating chamber 12, a second heating chamber 13, 
a third heating chamber 14, a gas cooling chamber 15, 
and a vacuum unloading chamber 16. The vacuum 

5 loading chamber 1 1 is a zone where the drum 2 and the 
rings 4 are introduced. While the drum 2 and the rings 4 
that have been loaded are moving in the vacuum load- 
ing chamber 1 1 toward the first heating chamber 12, the 
vacuum loading chamber 1 1 is evacuated by removing 

10 the atmosphere therefrom, and then supplied with nitro- 
gen, developing a nitrogen atmosphere therein. 
[0050] The heating chambers 12, 13, 14 are zones 
for heating the drum 2 and the rings 4 in the nitrogen 
atmosphere. Specifically, while the drum 2 and the rings 

15 4 introduced from the vacuum loading chamber 1 1 are 
moving in the first heating chamber 12 toward the sec- 
ond heating chamber 13, the first heating chamber 12 is 
heated from the room temperature up to about 700°C, 
for example. While the drum 2 and the rings 4 intro- 

20 duced from the first heating chamber 12 are moving in 
the second heating chamber 13 toward the third heating 
chamber 14, the second heating chamber 13 heats the 
drum 2 and the rings 4 up to a temperature for the solu- 
tion treatment, e.g., 820°C, and holds the drum 2 and 

25 the rings 4 at the temperature. While the drum 2 and the 
rings 4 introduced from the second heating chamber 1 3 
are moving in the third heating chamber 14 toward the 
gas cooling chamber 15, the third heating chamber 14 
holds the drum 2 and the rings 4 up to the temperature 

30 for the solution treatment. 

[0051] The gas cooling chamber 15 is a zone for 
cooling the drum 2 and the rings 4 which have been 
subjected to the solution treatment, in the nitrogen 
atmosphere. While the drum 2 and the rings 4 intro- 

35 duced from the third heating chamber 1 4 are moving in 
the gas cooling chamber 15 toward the vacuum unload- 
ing chamber 16, the gas cooling chamber 15 cools the 
drum 2 and the rings 4 to a temperature equal to or 
lower than 150°C, for example. The vacuum unloading 

40 chamber 1 6 is a zone for unloading the drum 2 and the 
rings 4 which have been subjected to the solution treat- 
ment out of the heating furnace 3. While the drum 2 and 
the rings 4 introduced from the gas cooling chamber 1 5 
are being unloaded out of the heating furnace 3, the 

45 vacuum unloading chamber 16 is evacuated by remov- 
ing the nitrogen atmosphere therefrom, and then sup- 
plied with the external atmosphere, thus replacing the 
nitrogen atmosphere with the external atmosphere. 
[0052] After the drum 2 and the rings 4 are intro- 

50 duced into the vacuum loading chamber 1 1 , the drum 2 
and the rings 4 are delivered . toward the vacuum 
unloading chamber 16, passing through each chamber 
in 40 minutes. As a result, while the drum 2 and the 
rings 4 are passing through each of the heating cham- 

55 bers 12, 13, 14, the drum 2 and the rings 4 are main- 
tained at the temperature for the solution treatment, 
e.g., 820°C, for 30 minutes, and hence are simultane- 
ously subjected to the solution treatment for the same 
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* period of time. 
[0053] In the heating furnace 3, as shown in FIG. 6, 
each of the rings 4 has its peripheral edge placed on a 
metal mesh 18 mounted in a base tray 1 7 on a furnace 
floor 1 9. Therefore, the rings 4 are prevented from suf- 5 
fering creep, and can easily take the annular shape in 
the solution treatment. The peripheral edge of each of 
the rings 4 may directly be placed on the furnace floor 
19. 

[0054] The hardnesses of various portions of each 10 
of the rings 4 after the second solution treatment are 
shown in FIG. 7. As shown in FIG. 7, the overall hard- 
ness of the rings 4 after the second solution treatment is 
made uniform, clearly indicating that the metal crystal 
grains prior to being rolled are recovered. It can also be is 
seen from FIG. 7 that the hardness of the rings 4 after 
the second solution treatment is substantially the same 
as the hardness of the drum 2 after the first solution 
treatment, showing that the drum 2 and the rings 4 are 
uniformly hardened to the same extent when they are 20 
subjected to the solution treatment under the same con- 
ditions. The hardness of the drum 2 after the first solu- 
tion treatment, shown in FIG. 7, is based on the same 
data as the hardness of the drum 2 shown in FIG. 3. 
[0055] The rings 4 which have been subjected to 25 
the solution treatment as described above are removed 
from the heating furnace 3. Thereafter, as shown in FIG. 
8, each of the rings 4 is trained around a drive roller 21 
and a driven roller 22. While the ring 4 is being rotated 
by the drive roller 21, a correction roller 23 disposed 30 
between the drive roller 21 and the driven roller 22 is 
moved in the direction indicated by the arrow for thereby 
correcting the circumferential length of the ring 4. Since 
the ring 4 has been made annular in shape by the sec- 
ond solution treatment, the ring 4 is continuously held in 35 
contact with the rollers 21, 22 without interrupted con- 
tact therewith. When the ring 4 is loaded by the correc- 
tion roller 23 in a direction perpendicular to the direction 
of travel between the drive roller 21 and the driven roller 
22, the circumferential length of the ring 4 is corrected 40 
appropriately such that the wall thickness of the ring 4 is 
uniform and the circumferential lengths at the opposite 
edges of the ring 4 are equalized. 

[0056] The annular shape of the ring 4 is preferably 
such that a line segment AB interconnecting two arbi- 45 
trary points A, B on the ring 4 is located inside of the ring 
4 at all times, as shown in FIG. 9(a), and the curvature 
of the ring 4 is equal to or smaller than the curvature of 
the rollers 21 , 22, as shown in FIG. 9(b). 
[0057] Then, as shown in FIG. 1, the rings 4 whose so 
circumferential length has been corrected are aged and 
nitrided. The rings 4 are aged by holding the rings 4 in a 
temperature range from 450 to 530°C for 90 to 240 min- 
utes, for example, within a heating surface (not shown). 
The rings 4 are nitrided by a gas nitriding process, a gas 55 
soft nitriding process, a salt-bath nitriding process, or 
the like. 

[0058] The rings 4 which have been set to a desired 
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hardness by the aging and nitriding processes are 
stacked together to produce a laminated ring (not 
shown) for use as a continuously variable transmission 
belt. 

[0059] In the method according to the above 
embodiment, since oxidization of aging precipitation 
strengthening elements is suppressed in the first solu- 
tion treatment, rings whose circumferential lengths have 
been corrected can uniformly be aged. Furthermore, 
since the original metal crystal grains of the metal struc- 
ture prior to being rolled are restored, nitrogen can eas- 
ily penetrate the rolled structure, allowing the drum and 
the rings to be nitrided with ease. 

[0060] Moreover, because the first solution treat- 
ment and the second solution treatment are carried out 
using the same heating furnace 3 in the same atmos- 
phere in the same temperature range, the equipment 
used can be shared by the first solution treatment and 
the second solution treatment, and hence the laminated 
ring can be manufactured at a reduced cost. 
[0061] In the method according to the illustrated 
embodiment, the rolled rings 4 and the next drum 2 are 
supplied together into the heating furnace 3, and are 
subjected to the solution treatment for the same period 
of time. However, the first solution treatment of the drum 
2 and the second solution treatment of the rings 4 may 
separately be performed respectively for different peri- 
ods of time. If the first solution treatment of the drum 2 
and the second solution treatment of the rings 4 are per- 
formed separately from each other, a partition (not 
shown), for example, may be disposed in the heating 
furnace 3 to divide the interior space thereof into two 
regions, and the drum 2 and the rings 4 may independ- 
ently be delivered in the respective regions of the heat- 
ing furnace 3. 

[0062] Although a certain preferred embodiment of 
the present invention have been shown and described 
in detail, it should be understood that various changes 
and modifications may be made therein without depart- 
ing from the scope of the appended claims. 

Claims 

1. A method of manufacturing a laminated ring, com- 
prising the steps of: 

preparing a cylindrical drum (2) by welding 
opposite ends of a thin sheet (1) of maraging 
steel; 

effecting a first solution treatment on said cylin- 
drical drum (2); 

thereafter, severing said cylindrical drum (2) 
into a plurality of rings (4) each having a prede- 
termined width; 
rolling said rings; 

effecting a second solution treatment on said 

rings (4) which have been rolled; 

thereafter, correcting the circumferential length 
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of each of said rings (4); 
thereafter, aging and nitriding the rings (4); and 
stacking the aged and nitrided rings (4) into a 
laminated ring; 

characterized in that said first solution treat- 5 
ment and said second solution treatment are 
effected using the same heating furnace in the 
same atmosphere in the same temperature 
range. 



unloading the cylindrical drum (2) or the rings (4) 
from said unloading zone (16). 

7. A method as claimed in any one of the preceding 
claims, characterized in that said first solution treat- 
ment and said second solution treatment are 
effected separately for respective different periods 
of time. 

8. A method as claimed in any one of claims 1 to 6, 
characterized in that said first solution treatment 
and said second solution treatment are effected 
simultaneously for the same period of time. 



A method as claimed in claim 1, characterized in 
that said first solution treatment and said second 
solution treatment are effected in a temperature 
range from the recrystallization temperature of the 
maraging steel to 850°C in either a nitrogen atmos- 15 9. 
phere that contains 1 - 10% of hydrogen and has a 
dew point ranging from -7 to 0°C, or a nitrogen 
atmosphere that contains 1 - 30% of hydrogen and 
has a dew point range from -70 to -40°C. 

20 

A method as claimed in claim 2, characterized in 
that said second solution treatment is effected on 
said rings such that the rings after the second solu- 
tion treatment in said atmosphere in said tempera- 
ture range are of an annular shape. 25 



A method as claimed in claim 8, characterized in 
that said first solution treatment and said second 
solution treatment are effected simultaneously for a 
period of time which is required to effect said sec- 
ond solution treatment on said rings. 



4. A method as claimed in claim 3, characterized in 
that said second solution treatment is effected on 
said rings by placing a peripheral edge of each of 
the rings (4) on a floor (1 9) of said heating surface. 30 



5. A method as claimed in claim 4, characterized in 
that said second solution treatment is effected on 
said rings by placing the peripheral edge of each of 

the rings (4) on a metal mesh (18) mounted on the 35 
floor (1 9) of said Keating surface. 

6. A method as claimed in claim 2, characterized in 
that said heating surface comprises a loading zone 

(1 1 ) for replacing the atmosphere with the nitrogen 40 
atmosphere and introducing the welded cylindrical 
drum (2) or the rolled rings (4) into the nitrogen 
atmosphere, a first zone (12) for heating the cylin- 
drical drum (2) or the rings (4) to said temperature 
range, a second zone (1 3) for maintaining the cylin- 45 
drical drum (2) or the rings (4) in said temperature 
range for a predetermined period of time, a third 
zone (15) for cooling the cylindrical drum (2) or the 
rings (4), and an unloading zone (16) for replacing 
said nitrogen atmosphere with the atmosphere and 50 
unloading the cylindrical drum (2) or the rings (4) 
the arrangement being such that said first solution 
treatment and said second solution treatment are 
effected by continuously supplying the cylindrical 
drum (2) or the rings (4) into said loading zone (11), 55 
delivering the cylindrical drum (2) or the rings (4) 
successively through said first zone (12), said sec- 
ond zone (13), and said third zone (15), and 
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